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Description 

^SYSTEM OF CQMMIIMXCAT.ING OUTPUT FUNCTION STATUS 
^ INDICATIONS BETMEFJ^TWO— OR— MORE— EQMER SYSTEM 
PROTECTIVE RELAYS 
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This application is a continuation, under 37 
C.F.R. i.53 5 of prior U.S. Patent Application Serial No. 
08/546,477, filed on October^ 1995 ^^W^ ^lU 

This invention relates generally to data 
communication between protective relays on a power 
system, and more specifically concerns the communication 
of output function status information in the form of 
data bits between such relays. 



Background of the Invention 

Power systems in general comprise an 
interconnected arrangement of transmission lines, 

20 distribution buses and feeder lines. Such systems 
require a plurality of protective relays connected to 
the various power lines at several locations in the 
overall system to provide comprehensive, reliable fault 
protection. Such comprehensive protection ensures that 

25 in the event of a fault on one portion of the system, 
only a small part of the overall system will be out of 
service until the fault is corrected. Accurate fault 
indications, with minimal out-of -service time, is an 
important goal of protection systems. 

30 A comprehensive, secure protection system 

requires that individual relays communicate with each 
other relative to the status of their respective 
monitoring functions. In one example, for a single 
transmission line involving local and remote stations, 

35 the relay at the local station must be able to 
communicate with the remote station relay if the local 
station relay recognizes a fault. In order to do this, 
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a function status signal indicative of the fault 
condition produced in the local station relay will be 
used to set an output contact at the local relay. The 
setting of the output contact is sensed by conventional 
5 communications equipment, which provides an indication 
over a data link, such as a change in signal frequency, 
to similar communications equipment at the remote 
station. 

The communications equipment at the remote 

10 station will in turn set output contacts, the status of 
which will be recognized by input-sensing capability in 
the remote relay. The remote relay will then use that 
input contact information, along with other input 
information, such as the voltage and current values on 

15 the power line, to perform its own calculations. The 
remote relay will then set output contacts as 
appropriate and the status of those contacts is 
communicated back to the local relay through the 
communications equipment. An example of such a station 

20 is shown in U.S. Patent No. 4,551,718, to Cookson, 
et al. There are many different commercial 

implementations of such a communication system. The 
purpose of this back and forth communication between the 
two relays in the above example is to identify the 

25 location of the fault relative to the two relays. This 
process of communication, while necessary for good 
protection, is time-consuming and requires a significant 
amount of expensive communications equipment. 

The above example of local and remote relays 

30 communicating relative to a specific fault condition has 
counterparts in several other different one-to-one (two- 
way) , one-way or three-way communication requirements 
between relays for various control and monitoring 
functions relative to the power system. Such a 

35 communication arrangement between protective relays in 
a power transmission system has the disadvantages of 
expense and the time required for contact output 
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assertion, sensing and communication; it would be 
beneficial for power protection systems in general if 
such disadvantages could be decreased or even eliminated. 

5 Disclosure of the Invention 

Accordingly, the present invention is a system 
for communicating the status of output bits from one 
protective relay to a second protective relay in a power 
system, wherein the relay output bits are the result of 

10 a fault determination calculation process in the one 
relay which would conventionally be used to set output 
contacts of said one relay, comprising: means at the 
one relay for formatting the output status bits to be 
transmitted into a data packet; means for transmitting 

15 that data packet directly over a communications link to 
said second relay; and means at the second relay for 
receiving said data packet, verifying the validity of 
said data packet and then using said output bits in the 
data packet as input bits in its own fault determination 

20 calculation process. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a prior art 
relay-to-relay data communication arrangement in a power 
25 system. 

Figure 2 is a diagram of the relay-to-relay 
data communication system of the present invention. 

Figure 3 is a diagram showing the arrangement 
of data for transmission between power system protective 
30 relays for the communication system of Figure 2. 

Figure 4 is a diagram showing a complete data 
packet used in the communication system of Figure 2 . 

Figure 5 is a software flow chart for the 
communication system of Figure 2 . 

35 

Best Mode for Carrying Out the Invention 

Figure 1 shows a prior art communication 
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system for power system protective relays used with a 
transmission line 10, incorporating two protective 
relays 12 and 14, with relay 12 being associated v/ith a 
local source 16 and relay 14 with a remote source 18. 
5 Circuit breakers 20 and 22, respectively, are associated 
with the two relays. Each irelay )ffi s its own associated 
Qj communications equipment, 2JL and respectively, while 

a contact input/output arrangement connects each relay 
with its associated communications equipment. These are 
(M 10 shown representation lly at Jls* and respectively, 
even though they may be part of the relay or 
communications equipment. A communications link 29 
connects the two communications equipment. 

Communication between the two relays 12 and 14 
15 is important to identify the location of a fault which 
occurs on line 10. For example, if the fault is located 
between the two relays, both relays will eventually trip 
(they should) , while if the fault is behind local relay 
12, relay 14 should not trip its circuit breaker 22. In 
2 0 order to accomplish this desired result, when relay 12 
recognizes a fault on line 10 within its zones of 
protection, an indication of that recognition is 
transmitted to remote relay 14. This indication is used 
by relay 14 in its own logic calculation functions, 
25 which include the measured line voltages and currents, 
relative to its own zones of protection. 

Such two-way communication results in reliable 
and secure protection for the power system. Such 
communication arrangements, furthermore, are common with 
30 microprocessor-based relays. In such relays, the 
calculations result in the generation of output function 
bits or variables, which bits are then used to assert 
selected output contacts indicating the existence of 
particular conditions, such as the presence of a fault. 
35 The status of the various output contacts on the relay, 
of which there typically are several, is monitored by 
the communications equipment associated with that relay; 
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when a change in status of a relay 12 output contact 21 
is recognized, the communications equipment 25 transmits 
a signal indicating the status of the output contact 
over the communication link 29 to the communications 
5 equipment 27 associated with companion relay 14 . 

An example of typical communication equipment 
is trip and guard audio tone channel equipment. The 
communications link 29 can be microwave, audio, 
fiberoptics or some other link. Correspondingly, output 

10 function indications produced in the remote relay 14 are 
used to set its own output contacts, to which its own 
communication equipment 27 is responsive, which in turn 
communicates those indications to the communications 
equipment 25 of the local relay, which in turn senses 

15 certain of its input contacts 21 accordingly. 

The above example concerns two-way 
communication between two protective relays. If the 
communication arrangement involves three relays, then 
equipment must be provided for communications between 

20 each of the three relays. 

It should be understood that in a power 
system, two-way, three-way and in some cases one-way 
relay communication between two or three relays have a 
wide variety of purposes. Specific examples include 

25 permissive over-reaching transfer trip (POTT) , 
permissive under-reaching transfer trip (PUTT) , 
directional comparison unblocking (DCUB) , directional 
comparison blocking (DCB) and direct transfer trip 
applications. Also possible is one-way communication 

30 between several protective relays on power lines which 
all feed to a relay protecting a distribution bus. Such 
a distribution bus arrangement allows the protective 
relay on the bus to efficiently analyze the status and 
function of the relays in its entire distribution 

35 system. 

Hence, in a typical power system, a 
significant amount of data communications equipment and 




data' linkages must be provided to accomplish the above- 
described communication functions. Such communications 
equipment is, however, as indicated above, expensive, 
and furthermore results in time delays in relay 
5 processing functions. Such a time delay is important, 
since most solid-state, microprocessor-based protective 
relays are processing and monitoring the power signal in 
real time on the basis of one-quarter, one-eighth or 
one-sixteenth of a cycle samples of line voltages and 
10 currents. For example, if the power system is operating 
at a 60 Hz frequency, one-sixteenth of a cycle is 
approximately 1.08 milliseconds. Hence, calculations 
and other monitoring functions are performed 
approximately once each millisecond. It would be 
15 desirable to have a communications system which is 
comparable in speed to the sampling and calculation 
functions of the relay itself. 

j|dFagertH?e-2 _shows a simplified V-iej bLuQf_tbe--gelri 



to-relay communication system of the present invention. 

20 In Figure 2, two relays 30 and 32 are parti-eflly shown, 
with trip elements 34 and 36, respect iye'lyT The output 
of these trip elements isr an output^r unction status bit 
or variable which appaarsV an output bit across 

capacitors 38 and 40 inLtilajlj^espective relays. In the 

25 prior art system^of^FigiWe 1, if relay 3 0 had produced 
a trip indication bit with the arrangement shown in 
Figure 2-,that output status bit would be used to set an 
outmit'contact in relay 30. This would then be used as 
^^xpl- ain ed a bove- for Fi guxe_JL~-» 

30 In the system of the present invention, 

however, the original output status indication or bit 
from relay 3 0 is transmitted directly via a transmit 
module 42 in relay 30 over a communications channel 44 
to a receive module 46 in remote relay 32. The received 

35 bit is then used directly by relay 32 in its own logic 
operations, with the other data inputs thereto, to 
determine whether or not a local trip at relay 32 should 



be issued. Conversely, output status function bits 
generated by remote relay 32 are transmitted by its 
transmit module 48 to receive module 50 in relay 30, 
which then uses that information in its logic 
5 calculations, along with the other inputs. 

Hence, in the present invention, each relay 
having the above-described communications capability 
will use its input information, in the form of voltage 
and current data from the power system signal, as well 

10 as other input information received from its companion 
relay and perhaps other relays and devices as well to 
perform its ongoing calculations and resulting 
protective functions. If tripping of its associated 
circuit breaker is indicated, then a function status bit 

15 or output bit is produced, which is in turn transmitted 
directly to its companion relay, which uses that 
information as one of its own inputs to perform its own 
ongoing calculations and monitoring functions, producing 
a trip signal when indicated. The output contacts, 

20 input contacts and communications equipment present at 
each relay in previous systems are thus completely 
eliminated with the system of the present invention. 
Output function status bits generated by each relay are 
used directly by both relays in the present system. 

25 Figure 3 shows the arrangement of the data 

bits for communication between two relays for the 
embodiment shown. The data to be transmitted comprises 
eight possible successive bits, referred to herein as 
TMB1 through TMB8, for transmit "mirror" bits 1-8. Each 

3 0 of these successive bits represents the output status of 
one of the output functions of a given relay. In 
previous systems, there would be, for instance, eight 
output contacts, each one of which is responsive to the 
logic output status of a separate function of the relay. 

35 This sequence of bits is transmitted over a data channel 
which connects the two relays. The data channel may 
have various implementations, including, for example, 
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microwave, fiberoptic or radio channels. Each relay 
further will have a conventional interface element to 
interface the relay with the data channel. 

The eight data bits received at the other 
5 relay are referred to as RMB1 through RMB8, for receive 
"mirror"bits 1-8. The term "mirror" is used to indicate 
that the bits at the receive end are the same as the 
bits at the transmit end. The TMB and RMB designations 
are, however, arbitrary and could be changed. In 

10 addition, while the present invention uses a total of 
eight output status data bits or variables, a different 
number could be used, depending upon the particular 
relays used and the communication requirements. 

Typically, in a two-relay communications 

15 configuration, two or perhaps three bits are actually 
needed. For example, for a two-terminal, single pole 
trip output status function, a "key" bit, i.e. a bit 
representing the output function status, is needed for 
A, B and C phases. The remaining bit spaces are thus 

2 0 not used in such an application. The number of bits 
required for a particular arrangement will depend upon 
the particular functions provided by the relay and the 
need for communicating the output status associated with 
those functions to the companion relay. 

2 5 Since the relays used with this invention are 

typically microprocessor-based relays, a programmable 
capability for the function settings of the relay may be 
present in the relay. The programmable feature of the 
relay would permit the operator to configure or set the 

3 0 use of each input or output element/function and hence 

the use of the input and output bits relative to the 
monitoring capability of the relay. For instance, one 
relay can be programmed so that its output status 
variables follow the programmed group selection settings 
3 5 which determine the operation of the relay, while the 
other relay can correspond its group selection settings 
to the particular received bits from the one relay. The 
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other relay will thus change setting groups to match the 
selected setting group in the one relay. This is 
helpful in those situations where the system being 
monitored changes status in a known way during 
5 operation. 

Hence, programmable logic can be used for the 
communication arrangement described above, as well as 
for other aspects of the operation of the relay, where 
the relays have a programmable capability. Typically, 

10 the setting commands are provided through a serial port 
from a terminal or personal computer, or they can be 
provided through front panel controls, or through a 
combination of both. 

Another important aspect of the communications 

15 system described above concerns the reliability, i.e. 
security, of the transmitted data. A typical data 
transmission will have various validity checks built 
into it. One example of a validity check system is 
shown in Figure 4. In Figure 4, the eight bits of 

20 transmitted data 60 are divided into two separate bytes 
62 and 64, which together form a single data packet. 
Each byte comprises a total of eight bits, with the 
first two bits of each byte being a flag indicating the 
existence of a data packet being transmitted. 

25 Accordingly, the first two bits of byte 62 is a byte 
flag 63. The remaining six bits of the first byte 62 
are the first six bits of actual data. The first two 
bits of the second byte comprise a second byte flag 65, 
indicating the presence of the second byte, followed by 

3 0 the seventh and eighth bits of transmitted data, 
followed by four bits which comprise a cyclic redundancy 
check (CRC) from a CRC function 66. 

The combination of the two bytes 62, 64 with 
their respective byte flags, which must be received 

35 within a specified time of each other, and the cyclical 
redundancy check, provides the required security for the 
data packet transmission. It should be understood, 
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however, that other data transmission security 
techniques could be used. The security provides 
immunity from erroneous data which may come in the form 
of noise bursts or other interference. 
5 Figure 5 shows a basic software flow chart for 

control of communication of the output status variables 
(bits) . The communication is done in real time, with 
the process having a start point, as shown at block 60. 
Block 62 represents the acquisition and the initial 

10 processing of the voltage and current data obtained from 
the power system. Block 64 represents the acquisition 
of input data from other hardware, while block 66 
represents acquired input bits from the companion relay, 
which have been stored by the receive module in the 

15 receive relay. These bits are mapped or located with 
respect to other bits. 

The receive relay then uses the acquired 
analog data as well as the other input data, including 
the input bits from the companion relay, to perform its 

2 0 protective monitoring and calculation functions, as 
shown in block 68. In addition, as explained above, 
various logic equations may be performed on the data in 
accordance with the programmable logic established in 
the relay, as shown in block 70. The results of the 

25 calculations, in the form of output bits, is then sent 
to the transmit module of the relay, as shown in block 
72. If it is the correct time to transmit, as indicated 
in block 74, then the data is transmitted to the 
companion relay, as shown in block 76. After the data 

30 transmission is completed, the process begins again. 
This occurs at regular, specific intervals, such as for 
example, once every one-sixteenth of a power system 
cycle. 

Hence, a new communication arrangement has 
35 been disclosed between protective relays in a power 
transmission system, eliminating a substantial amount of 
heretofore conventional hardware, and thereby reducing 




• 




11 



the cost of the overall system significantly. The 
communication system can be used in a two-way 
arrangement between two or more relays, or it can be 
used in a one-way arrangement between a plurality of 
5 relays and another relay, such as a plurality of 
protective relays communicating with a single bus relay. 



invention has been disclosed herein for illustration, it 
should be understood that various changes, modifications 
10 and substitutions may be incorporated in such embodiment 
without departing from the spirit of the invention which 
is defined by the claims which follow. 



Although a preferred embodiment of the 



What is claimed is: 




